Remote Sensing on Neal Smith NWR

Images collected with a U.S. Fish and Wildlife Service unmanned aerial system
(UAS) from August 20 to August 22, 2019.

30 August 2019
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Fig. 1. Camera locations and image overlap.
Number of images: 3,235 Camera stations: 2,905
Flying altitude: 36.2m Tie points: 2,004,663
Ground resolution: 2.5 cm/pix Projections: 8,099,292
Coverage area: 0.0308 km?2 Reprojection error: 0.633 pix
Camera Model Resolution | Focal Length | Pixel Size Precalibrated
RedEdge-M, Blue (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 ym | Yes
RedEdge-M, Green (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 um | Yes
RedEdge-M, Red (5.5mm) 1280 x 960 |5.5 mm 3.75x 3.75 pm | Yes
RedEdge-M, Red edge (5.5mm) | 1280 x 960 | 5.5 mm 3.75x3.75 ym | Yes
RedEdge-M, NIR (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 ym | Yes
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Camera Model Resolution | Focal Length | Pixel Size Precalibrated
RedEdge-M, Blue (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 ym | Yes
RedEdge-M, Green (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 um | Yes
RedEdge-M, Red (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 um | Yes
RedEdge-M, Red edge (5.5mm) | 1280 x 960 | 5.5 mm 3.75x 3.75 pm | Yes
RedEdge-M, NIR (5.5mm) 1280 x 960 | 5.5 mm 3.75x3.75 um | Yes

Table 1. Cameras.
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Camera Calibration

Fig. 2. Image residuals for RedEdge-M, Blue (5.
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5mm).

RedEdge-M, Blue (5.5mm)

246 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error |[F |Cx |cy |BL |B2 [KL |K2 |P1 |[P2
F | 1454.06 0.23 1.00 | -0.06 | -0.67 | 0.08 | 0.14 | -0.04 | 0.24 |0.01 |-0.11
Cx | 6.92255 0.052 1.00 | 0.06 |0.00 | 0.09 |-0.00 |-0.01|0.73 |-0.03
Cy | 8.82505 0.059 1.00 | -0.12 | -0.07 | -0.02 | -0.13 | -0.02 | 0.48
Bl | -0.0156053 | 0.017 1.00 | 0.02 |-0.15|0.05 |0.04 |0.14
B2 | 0.0349422 0.016 1.00 | -0.00 | 0.03 | 0.00 | 0.01
K1 | -0.0955334 | 0.00013 1.00 | -0.83 | -0.02 | -0.30
K2 | 0.133163 0.0004 1.00 | -0.00 | 0.00
P1 | 0.000105672 | 9.6e-006 1.00 | 0.00
P2 | 4.56887e-005 | 1e-005 1.00
Table 2. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 3. Image residuals for RedEdge-M, Green (5.5mm).

RedEdge-M, Green (5.5mm)
246 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Eror |[F |Cx |cy |BL |B2 [KL |K2 |P1 [P2
F | 145295 0.23 1.00 | -0.00 | -0.69 | 0.08 |0.15 | -0.04 | 0.26 | 0.03 | -0.12
Cx | -8.17847 0.049 1.00 | 0.02 |0.01 |{0.10 |-0.00 [ 0.01 | 0.71 | -0.03
Cy | 4.55715 0.058 1.00 | -0.13 | -0.07 | -0.02 | -0.15 | -0.04 | 0.45
B1 | 0.237489 0.017 1.00 | 0.03 |-0.16 | 0.05 | 0.03 | 0.15
B2 | 0.0676571 0.015 1.00 | -0.01 | 0.04 | -0.00 | 0.02
K1 | -0.0955056 | 0.00012 1.00 | -0.81 | 0.01 |-0.33
K2 | 0.132875 0.00036 1.00 | -0.01 | -0.00
P1 | 0.000732551 | 8.9¢-006 1.00 | -0.03
P2 | -3.5133e-005 | 9.7e-006 1.00
Table 3. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 4. Image residuals for RedEdge-M, Red (5.5mm).

RedEdge-M, Red (5.5mm)
246 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1450.2 0.23 1.00 | 0.01 | -0.67 | 0.08 | 0.15 [ -0.05 | 0.24 [ 0.02 | -0.10
Cx | -17.1147 0.054 1.00 { 0.01 | -0.00 | 0.10 | -0.00 [ 0.01 | 0.74 | -0.04
Cy | 16.3073 0.061 1.00 | -0.12 | -0.08 | -0.01 | -0.13 | -0.04 | 0.47
Bl | 0.191098 0.017 1.00 | 0.03 | -0.16 | 0.05 | 0.02 | 0.14
B2 | -0.00653266 0.016 1.00 | -0.01 | 0.04 | 0.00 | 0.01
K1 | -0.100812 0.00013 1.00 | -0.84 | 0.02 | -0.29
K2 | 0.13198 0.00042 1.00 | -0.02 | 0.01
P1 | 0.000159124 9.8e-006 1.00 | -0.03
P2 | -6.08128e-005 | 1e-005 1.00

Table 4. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 5. Image residuals for RedEdge-M, Red edge (5.5mm).

RedEdge-M, Red edge (5.5mm)
246 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error |[F |Cx |cy |BL |B2 [KL |K2 |P1 |[P2
F | 1453.02 0.23 1.00 | -0.05 | -0.68 | 0.08 | 0.15 | -0.05|0.27 |0.00 |-0.10
Cx | -16.1183 0.048 1.00 | 0.06 |-0.01|0.09 |-0.00 [ 0.00 | 0.68 |-0.03
Cy | 2.16926 0.056 1.00 | -0.12 | -0.08 | -0.01 | -0.16 | -0.02 | 0.43
B1 | 0.0970754 0.016 1.00 | 0.02 |-0.16 | 0.05 | 0.03 |0.15
B2 | -0.117816 0.015 1.00 | -0.01 | 0.04 | -0.01 | 0.00
K1 | -0.101023 0.00012 1.00 | -0.80 | -0.00 | -0.35
K2 | 0.132897 0.00034 1.00 | -0.03 | 0.01
P1 | -0.000275832 | 8.4e-006 1.00 | 0.00
P2 | 3.72183e-005 | 9.2¢-006 1.00
Table 5. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 6. Image residuals for RedEdge-M, NIR (5.5mm).

RedEdge-M, NIR (5.5mm)
246 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value EBror |F |cx |cy [BL |B2 |Ki [K2 |PL |P2
F | 1456.56 0.23 1.00 | -0.03 | -0.68 | 0.08 | 0.14 | -0.06 | 0.27 |0.02 | -0.09
Cx | -17.4103 0.05 1.00 | 0.04 |0.01 |0.11 |-0.00 [ 0.00 | 0.70 |-0.03
Cy | 25.0315 0.058 1.00 | -0.13 | -0.07 | -0.00 | -0.16 | -0.03 | 0.43
B1 | 0.253336 0.017 1.00 | 0.02 |-0.16 | 0.06 | 0.03 | 0.14
B2 | 0.00406673 | 0.015 1.00 | -0.01 [ 0.04 | 0.01 | 0.01
Ki | -0.102349 | 0.00012 1.00 | -0.81 | 0.01 |-0.33
K2 | 0.132067 0.00036 1.00 | -0.02 | 0.00
P1 | 0.000686978 | 8.8¢-006 1.00 | -0.01
P2 | 0.000260204 | 9.5¢-006 1.00
Table 6. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 7. Image residuals for RedEdge-M, Blue (5.5mm).

RedEdge-M, Blue (5.5mm)
401 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1451.97 0.2 1.00 [ -0.02 | -0.71 | 0.02 | 0.13 | -0.02 | 0.27 | -0.01 | -0.10
Cx | 6.90951 0.042 1.00 | -0.01 | -0.03 | 0.09 | -0.02 | 0.01 | 0.61 | -0.02
Cy | 9.23087 0.051 1.00 | -0.07 | -0.09 | -0.02 | -0.17 | -0.02 | 0.34
Bl | -0.0399975 0.014 1.00 | 0.01 | -0.16 | 0.04 | -0.01 | 0.15
B2 | 0.145008 0.013 1.00 | 0.01 | 0.04 | 0.01 | -0.05
K1 | -0.0951346 0.0001 1.00 | -0.76 | -0.03 | -0.41
K2 | 0.132329 0.00029 1.00 | -0.01 | -0.01
P1 | 0.000165869 6.9e-006 1.00 | -0.00
P2 | -3.58106e-005 | 8.2e-006 1.00

Table 7. Calibration coefficients and correlation matrix.

Page 9




Camera Calibration
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Fig. 8. Image residuals for RedEdge-M, Green (5.5mm).

RedEdge-M, Green (5.5mm)
401 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1450.96 0.2 1.00 | 0.04 | -0.73 | 0.03 | 0.13 | -0.02 [ 0.31 [ 0.01 | -0.11
Cx | -8.47007 0.04 1.00 { -0.05 | -0.03 | 0.10 | -0.02 | 0.03 | 0.55 | -0.01
Cy | 5.0394 0.05 1.00 | -0.08 | -0.10 | -0.02 | -0.21 | -0.03 | 0.29
Bl | 0.148386 0.013 1.00 | 0.01 | -0.17 | 0.04 | -0.02 | 0.17
B2 | 0.130938 0.013 1.00 | 0.00 | 0.05 | 0.01 | -0.04
K1 | -0.0958076 9.3e-005 1.00 | -0.71 | 0.01 | -0.47
K2 | 0.13325 0.00025 1.00 | -0.02 | -0.02
P1 | 0.000693381 6.1e-006 1.00 | -0.03
P2 | -8.66828e-005 | 7.7e-006 1.00

Table 8. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 9. Image residuals for RedEdge-M, Red (5.5mm).

RedEdge-M, Red (5.5mm)
401 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1448.23 0.2 1.00 [ 0.05 | -0.71 | 0.03 | 0.14 | -0.04 | 0.27 [ 0.00 [ -0.09
Cx | -17.4068 0.043 1.00 | -0.06 | -0.03 | 0.10 | -0.02 | 0.02 | 0.61 | -0.02
Cy | 16,9217 0.053 1.00 | -0.08 | -0.10 | -0.00 | -0.18 | -0.03 | 0.33
Bl | 0.100023 0.014 1.00 | 0.01 | -0.16 | 0.04 | -0.01 | 0.15
B2 | 0.20086 0.013 1.00 | -0.00 | 0.04 | 0.01 | -0.03
K1 | -0.101091 0.0001 1.00 | -0.77 | 0.02 | -0.41
K2 | 0.132405 0.0003 1.00 | -0.02 | -0.00
P1 | 0.000142311 7e-006 1.00 | -0.04
P2 | -9.23224e-005 | 8.4e-006 1.00

Table 9. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig/ 10. Image residuals for RedEdge-M, Red edge (5.5mm).

RedEdge-M, Red edge (5.5mm)
401 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1450.95 0.2 1.00 [ -0.01 | -0.72 | 0.02 | 0.13 | -0.03 | 0.32 | -0.03 | -0.09
Cx | -16.3475 0.039 1.00 | -0.01 | -0.04 | 0.09 | -0.03 | 0.02 | 0.52 | -0.01
Cy | 2.74869 0.049 1.00 | -0.07 | -0.10 | -0.01 | -0.21 | 0.00 | 0.26
Bl | 0.011735 0.013 1.00 | 0.01 | -0.17 | 0.04 | -0.02 | 0.16
B2 | -0.0479747 0.013 1.00 | 0.01 | 0.05 | 0.00 | -0.05
K1 | -0.100878 9e-005 1.00 | -0.70 | -0.02 | -0.49
K2 | 0.132738 0.00024 1.00 | -0.04 | -0.00
P1 | -0.000303302 | 5.8e-006 1.00 | 0.02
P2 | 1.88529e-005 | 7.4e-006 1.00

Table 10. Calibration coefficients and correlation matrix.
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Camera Calibration
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Fig. 11. Image residuals for RedEdge-M, NIR (5.5mm).

RedEdge-M, NIR (5.5mm)
401 images, precalibrated

Type Resolution Focal Length Pixel Size
Frame 1280 x 960 5.5 mm 3.75 x 3.75 pm
Value Error F Cx Cy Bl B2 K1 K2 P1 P2

F 1454.42 0.2 1.00 { 0.01 | -0.72 | 0.03 | 0.13 | -0.04 | 0.31 | 0.00 | -0.08
Cx | -17.7996 0.04 1.00 | -0.02 | -0.03 | 0.11 | -0.02 | 0.02 | 0.54 | -0.01
Cy | 25.634 0.05 1.00 | -0.08 | -0.09 | 0.00 | -0.22 | -0.02 | 0.27
Bl | 0.177133 0.013 1.00 | 0.01 | -0.17 | 0.04 | -0.02 | 0.15
B2 | 0.0549409 0.013 1.00 | 0.00 | 0.05 | 0.02 | -0.04
K1 | -0.101892 9.2e-005 1.00 | -0.72 | 0.00 | -0.47
K2 | 0.131373 0.00025 1.00 | -0.04 | -0.01
P1 | 0.000646566 | 6.1e-006 1.00 | -0.01
P2 | 0.000228588 | 7.6e-006 1.00

Table 11. Calibration coefficients and correlation matrix.
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Camera Locations

NN T T 555575553 DI 2TV IT7 T T 5y DI 55855 5 >

& ST SR P oo o0 L &L D
Al O’.))))‘-)) \\\\\)))\\\\\)))\ DIDID S ID )
! ‘/I[/)ﬁi‘/]////l/l//'l///l/ll R LR R I

.(¢.¢(¢¢\\\t¢“€§‘\\w\\ \\\\\\\\\\\\&\\\"‘ :

e BB

SR e

100 m

Fig. 12. Camera locations and error estimates.
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Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.

Estimated camera locations are marked with a black dot.

X error (m) | Y error (m) | Z error (m) | XY error (m) | Total error (m)

0.860086 0.462129 0.501322 0.976376 1.09756

Table 12. Average camera location error.
X - Longitude, Y - Latitude, Z - Altitude.
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Digital Elevation Model
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Fig. 13. Reconstructed digital elevation model.

Resolution: 9.54 cm/pix
Point density: 110 points/m?2
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Processing Parameters

General
Cameras
Aligned cameras
Coordinate system
Rotation angles
Point Cloud
Points
RMS reprojection error
Max reprojection error
Mean key point size
Point colors
Key points
Average tie point multiplicity
Alignment parameters
Accuracy
Generic preselection
Reference preselection
Key point limit
Tie point limit
Filter points by mask
Mask tie points
Adaptive camera model fitting
Matching time
Alignment time
Optimization parameters
Parameters
Adaptive camera model fitting
Optimization time
Software version
DEM
Size
Coordinate system
Reconstruction parameters
Source data
Interpolation
Processing time
Software version
Orthomosaic
Size
Coordinate system
Colors
Reconstruction parameters
Blending mode
Surface
Enable hole filing
Processing time
Software version
Raster Transform
Expression
Software

3235

2905

WGS 84 (EPSG::4326)
Yaw, Pitch, Roll

2,004,663 of 2,190,714

0.170261 (0.633275 pix)
0.644716 (20.7995 pix)

3.18093 pix

1 bands, uint16

No

5.26299

High

Yes

Yes

40,000

4,000

No

No

Yes

19 minutes 14 seconds
1 hours 4 minutes

f, b1, b2, cx, cy, k1k3, p1, p2
Yes

2 minutes 59 seconds
1.5.2.7838

4,577 x 1,330
WGS 84 / UTM zone 15N (EPSG::32615)

Dense cloud
Enabled

54 seconds
1.5.2.7838

15,908 x 4,904
WGS 84 / UTM zone 15N (EPSG::32615)
5 bands, uint16

Mosaic

DEM

Yes

7 minutes 5 seconds
1.5.2.7838

Bl /32768; B2 / 32768, B3 / 32768; B4 / 32768; B5 / 32768
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General
Version 1.5.2 build 7838
Platform Windows 64
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